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Outline

¥ TOp Jets (Jets initiated by tops)

* Jet Mass Distribution

* QCD Jet Background (due o tight quarks)

B Jet Functions (leading contribution to JMD)

* Ex: SM tt vs. di-j €t Gdetector effcts & maximumilikclihoo i

* Jet Sub-structure




lop Jets

Purely Hadronic + @ Hadronic BR -2/3

What happens when top decay is Highly boosted ?

Final states become highly collimated

Focus on Top Jet Mass Distribution. Mass Tag

Top peak in jet mass ?




Top jets collimate @ high Pt

Pt vs. <R> onTop




Top Jet Mass Distribution
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Small cone losses signal



Top Jets @ the LHC

Mass Tag; Ilustrate with a Cone jet

R* = (An)* + (A¢)°

Top Mass Window: 140 < m; < 210 GeV

Counting in the mass window, seems hopeless...
S/B ~ 10~ * For jets with Pr > 1000GeV R = 0.4

ji+X -+ X
10pb 100106

Need to Study the Background...



QCD Jet Mass Background, Theory

LA, Lee, Perez, Sung & Virzi (Berger, Kucs, Sterman)

Jet Production:  Hi(p.) + Hy(p) — Ji(m3,,pr0, R) + X
(due to light jets)

'This x-section factorizes

dO_HAH —Jf X(R) / da—ab—mX
B—J1 _ dx, dxy O, Ty 7T My, R
dprdm ydn Z s (xpziib(xb)dededn (@, T, P17, M, B)

abe

for small R

Hard

doy HB—>J1X(R)
d;TdedU B Z/dxa Ay a(Ta) Po(T5) Hab—sex (Ta; T, P, 77, R)
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xJi(my,pr, R). +O(R?)

Jet functions

Contributions from initial state radiation ~o R2
to Jet mass




QCD Jet Mass distribution

Leading Contribution: Single Gluon Emission

2 P2
J) = oS Cs log (pTR > ~O(RY)

2

Jet Mass Distribution;

do( R
=3 e ) 20
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dedm 7



Jet Functions

Quarks jets

qu(m?la Po,J; > R) ~2 L ) i i éq_) (007 O)Q(O) |0>}

Gluons jets

K pos B) = 505 Z%Fw 7 (0, 00) [Ny ) (N, |82 (0, 00) E(0)€,0)
N

X0 (mJ (N, R)) 6 (i — n(Ny,))0(po,s; — w(Ny,))-

Normalized /deJ(mJ) =1

Perturbatively Calculable; systematically improvable




Quark Jet Function, in detail...

‘]zq<1) (m37 Do, J; R) — X

CrB; /ﬂi d cos O¢ as(ko) 24
4m3 Jestry T (2(1 = Bicosfs) — 22) (1 — S cosbg)
o, (14 cosfs)? 1 N
“ (1= BicosOs) (2(1 + B:)(1 — f; cosfs) — 22(1 + cos Og))

3(1+6) | 1 (2(1+8)(1— Bicosbs) — 2%(1 + cos b))’
i (1 + cosfs)(1 — B; cosbs) ’

s : Angle between Jet axis and softer particle

2
__Po,J Z

kn =
. 2 1— (B;cosfg




Gluon Jet function in detail...

/ C\és(ko)
= Jeos(r) (1 — Bcoshs)?(1 — cos?g)(2(1 + B) — 22)
x (2*(1 + cosg)? + 2%(




The Importance of the log

(Gluon Jet Functions, P7 =1 TeV, R=0.4)

--  Running coupling
Fixed coupling
Eikonal (no—recoil, fixed coupling)

— 1/m]




QCD Jet Mass distribution

Jet functions defined as to not
aftect the Total X-section.

Background data would be an admixture of
quarks and gluons Jets

Model Background Data:

dO’B




X. (from sherpa) DlJ@t VS. SM tf
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dM,

(C4 P_> 1000 GeV)
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EX: (from sherpa) DlJet VS. SM tt_

Side-band Analysis with our Ansatz for the Background

Maximum likelihood fit. Back+Signal

(pUD — 1TV, R = 0.7)

Peak Resolution Peak Resolution

Jet Function + Signal Fit 25000 Jet Function + Signal Fit
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Signal Significance

prte® > 1000 GeV Cone R = 0.7

25 fb 1

15 FIT
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Srrr and Bprr are the results of an extended maximum

likelihood fit. AS 1is the EITOr On SFEIT




Double mass-tagging
Add a Mass tag on the subleading jet.

')ELHB

B QCD Jets

0.12

o.osi pTlead Z 1500 Gev

0.02F
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prie®® > 1500 GeV  Cone R = 0.4 (100fb °

Serr | AS | ng | p-value | x?/ndf | (S/B)rrir

430 | 94 | 4.6 | 0.99 0.39 0.184

624 5.7 | 0.96 0.45 0.210

436 | 79 |\ | 0.82 0.66 0.274




Summary

Jet functions provide a systematic approach to
describe the jet mass background

Ex: SM Top Reach (without b-tagging, nor jet structure)
min ~ 1.0 TeV top-jet with 25fb~1
PT 1.5 TeV top-jet pairs with 100fb~

Portability: Can be improved by higher orders,
Resummation techniques,
Soft contributions.

Jet functions can even be used to understand
Structure of Jets. Leading to New Observables
that can suppress the background further.

LA, S.]J. Lee, G. Perez, G. Sterman, I. Sung, and J. Virzi




Back up



Theory Vs. MC
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Process

(Generator

Rd DI

Matching

Cross Section

pp — tt(

)
pp — t(j)
pp — t(j)
p—>tt()
pp — tt
pp%tf

SHERPA 1.0.9
SHERPA 1.1.2

MG/ME 4
MG/ME 4
Pythia 6.4
Pythia 8.1

CTEQ6M
CTEQ6M
CTEQ6M
CTEQ6L
CTEQS6L
CTEQ6M

CKKW
CKKW
MLM
MLM

135 tb
149 tb
68 th
56 tb
157 tb
174 tb

pp — jj(J)
pp — ji(J)
pp — 35(5)
pp — 9
pp — JJ

SHERPA 1.1.0

MG/ME 4
MG/ME 4
Pythia 6.4
Pythia 8.1

CTEQ6M
CTEQ6L
CTEQ6M
CTEQS6L
CTEQ6M

10.2 pb
8.94 pb
9.93 pb
13.7 pb
13.3 pb

Table 1: Cross sections for producing final state R = 0.4 leading cone jets with pr > 1 TeV
and || < 2. Generation level cuts were imposed as follows. Final state partons from the
hard scatter were required to have pr > 20 GeV. For MG/ME, final state partons have
In| < 4.5. Processes with a trailing () suffix indicate that 2 — 2 and 2 — 3 processes are
represented.




QCD Jet Mass (PT >1 TeV)
0.08

C7 Lead Jet (Il < 1)

C7 Lead Jet (1.0 < Inl < 2.5)
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Collimation Rate
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Jet Substructure

Planar Flow(P_=1TeV 140 GeV <M, <210 GeV) |— Sherpa QCD
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